Introduction {#s0001}
============

Group-based aqua-exercising is a common treatment for a variety of musculoskeletal disorders\[[@CIT0001]\] in primary healthcare, but it is not known whether musculoskeletal function and quality of life will improve after participation in general group-based aqua-exercising led by physiotherapists. Previous studies have shown that aqua-exercising programmes developed for specific patient groups are effective, for example in back pain,\[[@CIT0002]\] knee and hip osteoarthritis,\[[@CIT0003]\] fibromyalgia,\[[@CIT0004]\] and neurological and musculoskeletal disorders.\[[@CIT0005]\] A variety of musculoskeletal disorders accounts for two-thirds of all pain disorders handled in Swedish primary healthcare clinics.\[[@CIT0006]\] Musculoskeletal disorders have increased over the past decade\[[@CIT0007]\] and produce the second highest rates of sickness absence in the UK.\[[@CIT0008]\] The most common regions for musculoskeletal disorders assessed and treated in general practices are back and neck pain, followed by knee and shoulder pain.\[[@CIT0009]\] Compared to the general population, individuals with musculoskeletal disorders rate their health-related quality of life (HRQoL) lower.\[[@CIT0010]\] Both in Sweden and in other countries, physiotherapists assess and treat patients with musculoskeletal disorders,\[[@CIT0011],[@CIT0012]\] attempting to improve HRQoL limitations,\[[@CIT0010]\] which are often evaluated using generic HRQoL instruments, e.g. the EuroQol 5 Dimensions (EQ-5D).\[[@CIT0013]\]

A common physiotherapy intervention for musculoskeletal disorders is group-based aqua-exercising.\[[@CIT0001]\].The water environment provides a relevant tool for treatment of these patients. Beside the pain-relieving effects of the sensory stimulation induced by the water temperature, immersion in the water increases muscular blood flow. The immersion decreases the axial loading and allows performance of movement that may be impossible on land, through the effects of buoyancy and balance support. The water provides flow and turbulence, and the hydrostatic pressure induces resistance to exercising the extremities and trunk.\[[@CIT0014]\] Previous studies evaluated individual or group-based aqua-exercises developed for specific disorders, mostly performed for a duration of 1 h, two or three times a week, for 3 months or even longer.\[[@CIT0001]\] For example, aqua-exercising for arthritis of the knee focused on musculoskeletal function of the lower extremities, specifically knee function.\[[@CIT0003]\] Specific aqua-exercises were found to improve musculoskeletal function and HRQoL measured using multi-item instruments with satisfactory sensitivity to detect changes.\[[@CIT0001]\] However, in an ordinary clinical primary care setting, aqua-exercises are often performed in groups including mixed types of musculoskeletal disorders, exercising for shorter durations than in the previous studies. We do not know the feasibility and the benefit of this type of group exercise. Does the EQ-5D, with low sensitivity to detect changes,\[[@CIT0013]\] detect potential changes in HRQoL after compared to before short-term aqua-exercising performed in mixed groups?

Before conducting a controlled study of the benefits and costs of group-based aqua-exercising, we performed this feasibility study. The study aimed to assess HRQoL and musculoskeletal function in patients with musculoskeletal disorders after participation in group-based aqua-exercising, compared to before participation.

Material and methods {#s0002}
====================

The study was a pragmatically conducted uncontrolled clinical feasibility study. The study did not add any intervention or data collection other than those included in ordinary routine praxis, and the patients' full integrity was secured. No ethical approval was therefore needed, according to Swedish ethical law. The patients received a code number which replaced their names during all data management.

Sample and setting {#s0003}
------------------

During a 20 month period in a primary healthcare district in a county council in central Sweden, all patients were included who complied with the inclusion criteria: had participated in group-based aqua-exercising for musculoskeletal disorders and had supplied HRQoL data before and after the aqua-exercising period. Patients were excluded if they had taken part in previous aqua-exercising in primary healthcare for musculoskeletal disorders less than 16 weeks before the start of the intervention. Of 103 patients screened for inclusion, 39 fulfilled the study criteria and 64 did not: 54 did not supply HRQoL data, i.e. did not deliver pre- or post-exercise data, and 10 for other reasons ([Figure 1](#F0001){ref-type="fig"}).

![Inclusion of patients in the aqua-exercising intervention and data collection procedures. EQ-5D: EuroQol 5 Dimensions.](iejp_a_1181208_f0001_b){#F0001}

Data collection {#s0004}
---------------

Physiotherapists collected the data and registered the data in the patients' medical records, according to their normal routines. To minimize potential therapist bias, the physiotherapists were unaware both that the data would be used in a study and which patients would comply with study criteria until after data extraction, although they were aware that the patients participated in aqua-exercising.

Clinical and socio-demographic data {#s0005}
-----------------------------------

Following a standardized data collection scheme, the physiotherapists responsible for each patient provided clinical and socio-demographic data from the patient's medical records to the evaluator ([Table 1](#t0001){ref-type="table"}). Data regarding events in each patient's situation during the time-frame of the aqua-exercising period were supplied, e.g. changes in personal or working situation, or in the patient's mood, medical complications and the initiation of exercising other than the intervention. For each patient, the evaluator then categorized these events into three categories: events supposed to affect health positively, events supposed to affect health negatively and no known events. Data on compliance with the aqua-exercising sessions were collected.

###### 

Characteristics of the patients.

                                                          Study patients   Patients not included^a^    
  ------------------------------------------------------- ---------------- -------------------------- ---------------------------------------
  Gender                                                                                              0.250
  Female                                                  34 (87.2)        42 (77.8)                   
  Male                                                    5 (12.8)         12 (22.2)                   
  Age (years)                                                                                          
  Mean ± SD                                               55 ± 12          51 ± 14                    0.212
   20--30                                                 2 (5.1)          3 (5.6)                     
   31--40                                                 2 (5.1)          12 (22.2)                   
   41--50                                                 11 (28.2)        9 (16.7)                    
   51--60                                                 11 (28.2)        16 (29.6)                   
   61--70                                                 9 (23.1)         6 (11.1)                    
   71--80                                                 4 (10.3)         7 (13)                      
   81--90                                                 0 (0)            1 (1.9)                     
  Location of musculoskeletal disorder                                                                0.784
   Low or middle back                                     11 (28.2)        15 (28.3)                   
   Neck                                                   5 (12.8)         11 (20.8)                   
   General myalgia                                        11 (28.2)        9 (16.7)                    
   Lower extremities                                      5 (12.8)         3 (5.7)                     
   Shoulder                                               3 (7.7)          3 (5.7)                     
   Unspecific location                                    0 (0)            4 (7.4)                     
   Multiple locations                                     4 (10.3)         9 (16.7)                    
  Parallel physiotherapy during the intervention period                    (*n* = 49)^e^              0.860
   No                                                     21 (53.8)        27 (55.1)                   
   Home-based exercising programme                        12 (30.8)        11 (22.4)                   
   Individual physiotherapy                               4 (10.3)         8 (16.3)                    
   Pain relief                                            2 (5.1)          3 (6.1)                     
  Events during the intervention period^b^                                                            0.841
   Events supposed to affect health positively            4 (10.3)         5 (9.3)                     
   No known changes                                       20 (51.3)        29 (53.7)                   
   Events supposed to affect health negatively            15 (38.5)        20 (37.0)                   
   Compliance rate                                        (*n* = 1)^f^     (*n* = 50)^f^              0.009[^g^](#TF4){ref-type="table-fn"}
   Median (25th--75th percentile)                         13 (12--14)      11 (7--14)                  
   1--4 sessions                                          0 (0)            8 (16.0)                    
   5--8 session                                           4 (10.5)         9 (18.0)                    
   9--12 sessions                                         6 (15.4)         12 (24.0)                   
   13--16 sessions                                        28 (71.8)        21 (4.02)                   
  Cancelled^c^ during the intervention period             1 (2.6)          11 (20.4)                  0.012[^g^](#TF4){ref-type="table-fn"}
   Other diagnoses according to the ICD-10^d^                                                         0.541
   Yes                                                    33 (84.6)        43 (79.6)                   
   No                                                     6 (15.4)         11 (20.4)                   

Data are shown as numbers (*n*) and proportions (%) of patients, unless otherwise indicated.

^a^Patients participating in aqua-exercising who complied with the study criteria, except for not providing both pre- and post-EQ-5D. ^b^Registered in the medical record. Changes in personal or working situation, in the patient's mood and medical complications, for example death of a next of kin, were categorized as negative changes.

^c^Reasons were: increased pain or other symptoms (*n* = 4), cold/cough (*n* = 1), abdominal pain (*n* = 1), minor stroke (*n* = 1), gynaecological symptoms (*n* = 2), socio-economic reason (*n* = 1) and gave no reason (*n* = 2).

^d^Within the past 5 years, irrespective of which healthcare profession registered the diagnosis.

^e^Five patients could not be asked whether they had received physiotherapy anywhere else, since they did not participate in the evaluation post-aqua-exercising.

^f^In five patients who cancelled aqua-exercising (one of the study patients and four not included patients), the physiotherapist did not register the number of sessions.

ICD-10: International Classification of Diseases, 10th revision.

^g^Statistically significant difference (*p* \< 0.05).

Health-related quality of life {#s0006}
------------------------------

To measure HRQoL, the physiotherapists responsible for each patient delivered the generic EQ-5D form\[[@CIT0013]\] to the patients. The patients answered it in writing at the start of the period of aqua-exercising and immediately after the period, during an evaluation session with the physiotherapist. The EQ-5D\[[@CIT0013]\] is valid and reliable, with an intraclass correlation coefficient of 0.82--0.87,\[[@CIT0015]\] and is widely used.\[[@CIT0013]\] It has previously been used in other aqua-exercising studies.\[[@CIT0016]\] The form consists of five dimensions, each with three alternative answers ([Table 2](#t0002){ref-type="table"}). The possible different combinations of answers on these dimensions result in a total score ranging from --0.59 (no health at all -- equal to or worse than death) to 1 (best imaginable health). The form also includes the EQ-5D barometer, a vertical health barometer in which the patients grade their health from 0 (worst imaginable health state) to 100 (best imaginable health state).\[[@CIT0013]\]

###### 

EuroQol 5 Dimensions (EQ-5D) measured before and after aqua-exercising.

  EQ-5D dimension      Answering alternative   Pre-aqua-exercising   Post-aqua-exercising   *p*
  -------------------- ----------------------- --------------------- ---------------------- ---------------------------------------
  Mobility             No problems             13 (39.4)             14 (42.4)              1.0
                       Some problems           20 (60.6)             19 (48.7)               
                       Extreme problems        0 (0)                 0 (0)                   
  Self-care            No problems             28 (84.8)             30 (90.9)              0.688
                       Some problems           4 (10.3)              2 (6.1)                 
                       Extreme problems        1 (2.6)               1 (3)                   
  Usual activities     No problems             9 (23.1)              12 (36.4)              0.063
                       Some problems           17 (51.5)             16 (48.5)               
                       Extreme problems        7 (21.2)              5 (15.2)                
  Pain                 No problems             1 (3)                 1 (3)                  0.453
                       Some problems           21 (63.6)             24 (72.7)               
                       Extreme problems        11 (33.3)             8 (24.2)                
  Anxiety/depression   No problems             9 (27.3)              15 (45.5)              0.021[^a^](#TF6){ref-type="table-fn"}
                       Some problems           19 (57.6)             14 (42.4)               
                       Extreme problems        5 (15.2)              4 (12.1)                

Data are shown as numbers (*n*) and proportions (%) of patients. *n* = 33 out of 39 participating patients, since six patients (a different six patients between the different dimensions) did not deliver data on the dimensions at both time-points.

^a^Statistically significant improvement (*p* \< 0.05).

Physiotherapy assessment of musculoskeletal function {#s0007}
----------------------------------------------------

The physiotherapists responsible for each patient performed a physiotherapy assessment of the patients' musculoskeletal function\[[@CIT0017]\] at the start and the end of the aqua-exercising period according to ordinary clinical routines and depending on the location of the patient's disorder: anamnesis, inspection in rest and in motion, functional fitness tests, active and passive range of motion and joint mobility in the affected body area, and musculoskeletal disorder-specific physical tests \[e.g. Hawkin's test during subacromial shoulder pain.\[[@CIT0018]\]\] Goal Attainment Scaling\[[@CIT0019]\] was used by the physiotherapists to categorize potential changes in musculoskeletal function between pre- and post-assessment. The scale has been shown to be highly sensitive to changes over time.\[[@CIT0020]\] Goal Attainment Scaling in its original version utilizes five steps.\[[@CIT0019]\] In the present study, the evaluator categorized "much worse and worse" as "worse", and "better" and "much better" as "better" owing to the very low numbers of patients in the first and last categories.

Aqua-exercising intervention {#s0008}
----------------------------

Physiotherapists instructed standard aqua-exercising programmes based on the scientific literature\[[@CIT0001],[@CIT0014],[@CIT0021]\] and clinical experience: 30 min twice a week for 8 weeks (16 sessions), including the sections described in [Table 3](#t0003){ref-type="table"}. The training sessions were of moderate intensity. During *aerobic training sections*, the patients, according to international exercise guidelines,\[[@CIT0021]\] trained at approximately 65% of their aerobic maximum \[maximal oxygen consumption (*V*O~2max~)\]. They were thus instructed to experience the signs of moderate-level exertion: feeling warm, increased frequency of heart rate and breathing, but still being able to converse. Thus, patients with higher *V*O~2max~ trained at a higher speed than patients with lower *V*O~2max~ to experience the same signs, i.e. to achieve a similar level of aerobic training (percentage of VO~2max~). During *endurance strength sections*, the speed of the endurance strength exercises was enough for the water to provide a resistance of approximately 65% of one repetition maximum (RM). Each endurance strength exercise was repeated 15--20 times, for three to five sets. Patients with higher RM performed a larger range of motion, or performed the exercise with a larger body area against the water resistance, than patients with lower RM, to achieve a similar percentage of RM ([Table 3](#t0003){ref-type="table"}). To meet the patients' improvements, the sessions thus became progressively harder with time to provide a moderate level of intensity. The temperature in the pool was 34 °C and the water level was approximately breast or shoulder deep (140 cm water depth).

###### 

Description of the studied standard aqua-exercise programme.

  Exercise component                                                           Frequency                    Intensity (% of *V*O~2max~/% of 1 RM); HR^a^; BPM, range   Time (min)   Type, examples of motions and examples of "instructions to patients"
  ---------------------------------------------------------------------------- ---------------------------- ---------------------------------------------------------- ------------ -----------------------------------------------------------------------------------------------
  Total                                                                        2 times a week;16 sessions   Moderate                                                   30           Group-based aqua-exercise
  Warm-up                                                                                                   40--65, increasing 104;120--140                            6            Jogging: "jog close to the bottom of the pool"
  Mobility                                                                                                  40; 85; 50                                                 3            Rotation in the hip in the horizontal plane: "paint number eight with your flexed knee"
  Dynamic endurance strength upper extremity^b^ and isometric strength trunk                                65; 100; 60                                                3            Shoulder abduction/adduction in the horizontal plane: "open up your chest and close it again"
  Aerobic training that also included dynamic endurance strength trunk                                      65; 117; 135--160                                          6            Flexion of hips and knees bilaterally unilaterally in the sagittal plane: "jump like a frog"
  Dynamic endurance strength lower extremity^b^ and isometric strength trunk                                65; 100; 60                                                3            Hip extension unilaterally in the sagittal plane: "kick a ball behind your hip"
  Aerobic training that also included dynamic endurance strength trunk                                      65; 119; 135--160                                          3            Running in circles: "Change direction when you have run to the end of the pool"
  Mobility trunk and upper and lower extremity                                                              40; 86; not relevant^c^                                    3            Rotation column in the horizontal plane
  Isometric stretching, relaxation including deep breathing                                                 40; 72; not relevant^c^                                    3            Lateral flexion of the cervical column in the vertical plane: "lay your ear on your shoulder"

Description according to the frequency, intensity, time, type (FITT) model ([@CIT0022]).

^a^Heart rate per minute. For pedagogical reasons, we show how HR varied (mean values during each section) for an example patient with a maximum pulse of 180 bpm (not included in the study sample) during a training session in the standard aqua-exercise programme, using a digital pulse monitor.

^b^For variation, these sections could be switched with each other.

^c^Music was played but exercises did not follow the music rhythm.

RM: repetition maximum; *V*O~2max~: maximal oxygen consumption; BPM: beats per minute of the music rhythm.

Statistical analyses {#s0009}
--------------------

The evaluator, who was not involved with assessing or treating the patients, calculated descriptive statistics regarding the collected variables: number (*n*), proportion (%), mean ± SD for continuous variables, and median (25th--75th percentiles) for ordinal or non-normally distributed variables. Pre- and post-exercise EQ-5D total scores, dimension scores and EQ-5D barometer were compared using Wilcoxon's test (paired analyses, ordinal variables). For pedagogical reasons when presenting data (not when analysing), the differences in EQ-5D scores between pre- and post-exercising were categorized into worse, similar and better.

To distinguish whether the 39 patients included in the study were representative of the whole population of 93 patients with musculoskeletal disorders participating in aqua-exercising in the studied primary healthcare region during the study period ([Figure 1](#F0001){ref-type="fig"}), we compared the 39 included patients with the 54 not included patients regarding the variables shown in [Table 1](#t0001){ref-type="table"}. The unpaired Student's *t* test was used for the continuous variable age, the Mann--Whitney *U* test for the continuous but non-normally distributed variable compliance rate, and Fisher's exact test for category variables (gender, location of musculoskeletal disorder, parallel physiotherapy, events, other diagnoses). To distinguish whether the variables were normally distributed or not, we visually observed histograms of the distribution of the values and used the Kolmogorov--Smirnoff test. The significance level was set at 5%.

Results {#s0010}
=======

A "typical" study patient (*n* = 39) was a 55-year-old (mean value) woman, participating in the aqua-exercises for a musculoskeletal disorder located in the vertebral column (41% of the patients), having at least one other diagnosis (85%) and not receiving any parallel physiotherapy during the intervention period (54%) (see [Table 1](#t0001){ref-type="table"} for characteristics of the patients).

The only statistically significant differences between the study patients (*n* = 39) and the aqua-exercising patients who were not included in the study owing to a lack of EQ-5D pre/post data (*n* = 54) were that the study patients had higher rates of compliance (*p* = 0.009) and fewer cancelled therapy periods (*p* = 0.012). The study patients attended a median of 13 out of 16 offered sessions, and 72% of them participated in 13 to all 16 sessions ([Table 1](#t0001){ref-type="table"}).

Health-related quality of life and musculoskeletal function after compared to before aqua-exercising {#s0011}
----------------------------------------------------------------------------------------------------

The total EQ-5D score was improved after compared to before the aqua-exercising (*p* = 0.038). The size of the improvement in EQ-5D score seen after 8 weeks (one-sixth of a year) was 0.26 (post-score 0.62 -- pre-score 0.36). This equates to 0.043 quality-adjusted life-years (QALYs): 0.26/6.\[[@CIT0021]\] The EQ-5D barometer did not change significantly (*p* = 0.378) ([Figure 2](#F0002){ref-type="fig"}).

![Health-related quality of life measured before and after aqua-exercising: median EuroQol 5 Dimensions (EQ-5D) total score and barometer score. 25th--75th percentiles: ^a^0.09--0.69, ^b^0.09--0.73, ^c^35--70, ^d^40--75.](iejp_a_1181208_f0002_b){#F0002}

After the aqua-exercising period, the patients reported improvements in the EQ-5D dimension anxiety/depression. Before aqua-exercising, 27% reported no problems with anxious or depressed mood, whereas after aqua-exercising, 46% reported no problems. There was a tendency, although not statistically significant, for daily activities to have improved after aqua-exercising: 36% reported no problems after compared to 23% before exercising. No significant differences were seen for the other dimensions ([Table 2](#t0002){ref-type="table"}).

The EQ-5D total score and the musculoskeletal function improved in 49% (EQ-5D) and 34% (physiotherapist assessment), were stable in 33% and 63%, and worsened in 18% and 7% of the patients, respectively. In 12 out of a total of 32 patients, the results of the physiotherapy assessment and the EQ-5D total score were consistent regarding the direction of change, if any ([Table 4](#t0004){ref-type="table"}).

###### 

Health-related quality of life (HRQoL) and musculoskeletal function after compared to before aqua-exercising.

                                                                         Change in EQ-5D total score   Total *n*        
  -------------------------------------------------------------- ------- ----------------------------- ----------- ---- -------------------------------------
  Change in musculoskeletalfunction assessed byphysiotherapist   Worse   0                             1           0    1
  Similar                                                        4       6                             10          20   
  Better                                                         2       3                             6           11   
  Total *n*                                                              6                             10          16   32[^a^](#TF11){ref-type="table-fn"}

Data are shown as numbers (*n*) of patients with improved, stable or worsened HRQoL and musculoskeletal function, categorized according to Goal Attainment Scaling.

*n* = 32 since either pre- or post-physiotherapy assessment was missing in seven patients.

EQ-5D: EuroQol 5 Dimensions.

Discussion {#s0012}
==========

In this uncontrolled feasibility study, we found that patients with musculoskeletal disorders had improved HRQoL and less anxious or depressed mood after 8 weeks of aqua-exercising compared to before exercising, and in one-third of the patients the musculoskeletal function had improved. Since our study had no control group, we do not know whether the improvements seen after the aqua-exercising period were the result of the aqua-exercising or of other uncontrolled factors.

That HRQoL had improved after compared to before only 8 weeks of 30 min sessions of group-based aqua-exercising for patients with mixed musculoskeletal disorders is a new observation but is consistent with previous studies using more time-consuming aqua-exercising interventions, specifically developed for the evaluated disorder. These studies showed improvements in HRQoL, measured with a variety of instruments.\[[@CIT0016],[@CIT0023]\] In one of the studies using HRQoL instruments other than EQ-5D, patients with hip or knee arthritis, similarly to our study, performed only 18 group-based aqua-exercise sessions (three times per week for 6 weeks). However, they performed pure strength training specifically for the lower extremity.\[[@CIT0024]\] In other studies, the aqua-exercising had longer durations; patients with osteoarthritis performed group-based aqua-exercising for 60 min three times a week during 20 weeks\[[@CIT0025]\] or during 52 weeks.\[[@CIT0026]\] In our study, the improvement in EQ-5D score was 0.26 between before and after 480 min (16 sessions at 30 min) of group-based aqua-exercise sessions. This is a similar size of improvement in EQ-5D score to that seen by Gusi and co-workers,\[[@CIT0016]\] with a change of 0.27 after 2160 min (36 sessions at 60 min) group-based aqua-exercising in patients with fibromyalgia.\[[@CIT0016]\]

When comparing pre- and post-scores for the separate EQ-5D dimensions in our study, we revealed statistically significant improvement only in the anxiety/depression dimension and a tendency for the dimension of usual activities. Our intervention continued for less than a quarter of the duration of the previously mentioned study;\[[@CIT0016]\] that study observed improvements in all EQ-5D dimensions, except for self-care. Improvements in anxious and depressed mood, measured with a variety of instruments, are in agreement with previous studies of patients with fibromyalgia, receiving a higher dose of aqua-exercise.\[[@CIT0016],[@CIT0027]\] Saltskår Jentoft and co-workers\[[@CIT0027]\] evaluated patients after 3600 min of aqua-exercising (60 sessions at 60 min). In previous studies, one-quarter of individuals with musculoskeletal disorders in general and approximately half of individuals with back, neck or shoulder pain reported some or extreme problems with anxiety/depression in the EQ-5D,\[[@CIT0010]\] compared to 15% among individuals from the general population.\[[@CIT0028]\] In our study sample, 73% of patients reported some or extreme problems with anxiety/depression before aqua-exercising. Thus, the improvement in this dimension seen after aqua-exercising seems to be clinically significant. In a qualitative focus group study, older patients with osteoarthritis stated that they experienced positive effects on health and fitness from their aqua-exercising.\[[@CIT0029]\]

In our study, one-third of the patients had improved their musculoskeletal function after compared to before the intervention according to the physiotherapy assessment, while half of the patients had improved HRQoL. In 12 out of a total of 32 patients, the results of the physiotherapy assessment and the EQ-5D total score were consistent regarding the direction of change, if any. The EQ-5D and physiotherapy assessment complement each other, appearing to partly measure different aspects of the patients' status. Hypothetically, the patients had gained a larger improvement in HRQoL than in musculoskeletal function since the aqua-exercising was designed for groups including mixed musculoskeletal disorders and thus did not completely comply with the training principle "specificity", discussed below. Despite the fact that the EQ-5D score had improved after compared to before aqua-exercising, the EQ-5D barometer did not change significantly. Hypothetically, the patients may have incorporated other health issues (e.g. health issues related to economic/social aspects) in this general barometer than those covered by the explicit questions in the EQ-5D score.

It would be of interest in future randomized controlled studies to compare group-based aqua-exercising with other treatment alternatives for musculoskeletal disorders, regarding benefits and costs. A crude calculation of the cost for providing 16 aqua-exercise group sessions (12 patients) at 30 min each (480 min), with a pre- (60 min) and post- (30 min) physiotherapy assessment, results in a mean cost per patient of 1170 Swedish crowns (sek) or 94 euro (eur), i.e. 477 sek/51 eur for the therapist and 400 sek/43 eur for the pool ([www.valuta.se](http://www.valuta.se), 13 November 2015).[^1,^](#EN0001){ref-type="endnotes"} [^2,^](#EN0002){ref-type="endnotes"} [^3^](#EN0003){ref-type="endnotes"} Accordingly, if it was the intervention that caused the major part of the improvement of 0.043 QALYs, the cost may be considered as low. In a previous study, a variety of more resource-consuming physiotherapy interventions for musculoskeletal disorders resulted in 0.039 QALYs.\[[@CIT0030]\] The improvement is comparable with, for example, a change from "having problems with anxiety or depression to some extent" to "having no problems with anxiety or depression". Thus, the improvement in HRQoL between pre- and post-aqua-exercising was probably valuable for the studied patients, whether the improvement was caused by the intervention or by other uncontrolled factors.

Discussing methodological aspects of our study, the largest threat to internal validity is the uncontrolled design. The study was pragmatic, evaluating ordinary clinical routines for intervention and data collection procedures, and thus lacked a control group. The improvements in EQ-5D and musculoskeletal function may be related to the aqua-exercising as well as to uncontrolled factors, e.g. non-specific effects including "placebo" effects, the natural history or confounding factors. We made efforts to register changes during the intervention period. Events supposed to affect health positively occurred in only four patients. However, medical records do not cover all potentially affecting events. We used established methods for data collection.\[[@CIT0011],[@CIT0013],[@CIT0015],[@CIT0017],[@CIT0019]\] The middle three of the original five categories on the Goal Attainment Scaling\[[@CIT0019]\] were used to maximize the number of patients per category before statistical analyses, owing to the low number of patients in the first and the last categories. The physiotherapists assessed musculoskeletal function according to ordinary clinical routines, including a large variety of physical tests depending on the individual patient.\[[@CIT0017]\] Each musculoskeletal disorder required its own combination of physical tests, e.g. Hawkin's test during subacromial shoulder pain.\[[@CIT0018]\] In future studies, more standardized physiotherapy assessments would be welcomed.

The aqua-exercise intervention followed principles regarding the water environment as a tool for exercise\[[@CIT0014]\] and the well-known principles of training, essential to provide effects of exercises:\[[@CIT0021]\] "individualization", i.e. the patients modified the speed, range of motion and size of the body surface to the water resistance depending on their individual fitness; "progressive overload", i.e. the sessions became progressively harder with time to increase training stress; and "rest/recovery", i.e. the sections within the sessions altered between cardiorespiratory and endurance strength, and there were at least 2 days between the sessions.

The patients had varying musculoskeletal disorders. Thus, it was hard to completely follow the principle of specificity. The exercises were designed to induce general functional and health improvements, potentially affecting HRQoL, rather than to induce improvements in the specific physical tests for each different musculoskeletal disorder performed during the physiotherapy assessment.\[[@CIT0017],[@CIT0018]\] Future aqua-exercising sessions may include a section specifically designed for each individual patient, to potentially induce larger improvements in musculoskeletal function and in the EQ-5D dimensions other than the anxiety/depression dimension. The study patients participated in median of 13 out of 16 offered sessions, and 72% of them participated in 13 to all 16 sessions. When screening patients for inclusion, 54 patients did not fulfil the inclusion criteria owing to a lack of pre- and/or post-exercise EQ-5D data, indicating the need for more efforts to obtain patient data in future studies and in daily clinical work.

The physiotherapists assessing the patients were, for most patients, not the same as those who instructed the aqua-exercising, and were not involved in the statistical evaluation. In future controlled studies, it would be important for the assessors to be entirely blinded to whether the patients were participating in aqua-exercising or not (i.e. control patients). However, the physiotherapists in our study were aware neither of the study nor of which patients complied with study criteria until after extraction of the data, to minimize potential therapist-induced bias. Since the study did not add any routines to the ordinary clinical routines, we could not remind the patients to answer the EQ-5D.

The study sample was rather small (*n* = 39). However, data were collected during almost 2 years and prolonging the period did not seem relevant since this is a feasibility study, carried out before conducting a larger controlled study.

The low number of study patients *per se* limits the external validity. However, it is a strength that the study covered a wide range of musculoskeletal disorders and the included patient sample still seemed to be representative of the population of patients who actually participate in group-based aqua-exercises within the primary healthcare district. The study patients did not differ from aqua-exercise participants who were not included, except from that the former had higher compliance with the intervention. Furthermore, the location of musculoskeletal disorders in our study seemed to be distributed similarly to populations who in general seek primary care for musculoskeletal disorders; the locations in a previous study\[[@CIT0009]\] versus those in our study were: the back 25% versus 28%, neck 18% versus 13%, lower extremity 17% versus 13%, and shoulder 17% versus 8% (plus multiple locations 10% in our study).

Using the EQ-5D\[[@CIT0013]\] in future studies, potential benefits of aqua-exercise interventions in terms of improved quality of life may be quantified in QALYs, and costs for the benefit may be calculated.\[[@CIT0031],[@CIT0032]\] When giving priority to one health-care method over others, it is of growing interest and importance to perform health-economic analyses.\[[@CIT0033]\] The findings of our study were that patients with musculoskeletal disorders had improved HRQoL after 8 weeks of aqua-exercising compared to before exercising, comparable with improvements seen after more time-consuming exercise periods; and one-third of the patients seemed to have improved musculoskeletal function. This feasibility study thus indicates that group-based aqua-exercising for a heterogeneous group of patients with musculoskeletal disorders feasibly may be conducted twice per week for 8 weeks. Since this uncontrolled study cannot reveal whether the indicated improvements in HRQoL were the result of the aqua-exercising or of uncontrolled factors, the effects and costs need to be evaluated in randomized controlled studies including sufficient sample sizes.
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Each patient consumed 130 therapist minutes (480 min/12 patients (= 40 min) + 90 min at 220 sek/60 min^2^ = 770 sek, and 53 min in the pool (16 sessions ×40 min, including entering/leaving =640 min/12 patients) at 450 sek/60 min^3^ = 400 sek.

A public primary healthcare physiotherapist earns a mean of 36,671 sek/month (23,968 sek exclusive of indirect costs of 53%), or 220 sek/h.

According to prices in the evaluated county council.
